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Abs t r ac t :  Tangher l in i  has s t a t e d  a se t  of p o s t u l a t e s  
which l ead  t o  Schwarzschild 's  metr ic  without  t h e  use  
of f i e l d  equat ions .  These p o s t u l a t e s  a re  shown t o  be  
i n c o n s i s t e n t  when appl ied t o  t h e  p a r a l l e l  vacuum f i e l d .  

1 By an odd coincidence,  S c h i f f ' s  eight-year-old paper ,  

and some o t h e r s ,  purpor t ing  t o  o b t a i n  from t h e  equivalence 

p r i n c i p l e  t h e  g e n e r a l - r e l a t i v i s t i c  bending of l i g h t  ( o r ,  what 

amounts t o  t h e  same th ing ,  the  c o e f f i c i e n t s  of Schwarzschi ld 's  

me t r i c  t o  f i r s t  o rder )  were r e c e n t l y  c r i t i c i z e d  i n  t h e s e  pages i n  

two s e p a r a t e  a r t i c l e s ,  one by Sacks and Bal l ,  t h e  o t h e r  by m e .  2 3 

I n  t h e i r  conclusion Sacks and Ball r e f e r  wi th  apparent  concurrence 

t o  a set of p o s t u l a t e s  of Tangher l in i4  which undoubtably does 

y i e l d  t h e  Schwarzschild me t r i c  t o  f i r s t  o rde r  without  t h e  use  of 

f i e l d  equat ions .  It i s  my purpose h e r e  t o  show t h a t  t h e s e  

p o s t u l a t e s  work f o r  t h e  Schwarzschild metric only a c c i d e n t a l l y ,  

s incee they are i n c o n s i s t e n t  i n  another  equa l ly  simply s i t u a t i o n .  

I u s e  t h e  same counterexample as f o r  t h e  Lenz-Schiff a r g m e n t ,  

namely t h e  s t a t i c  p a r a l l e l  vacuum f i e l d  wi th  m e t r i c  

2 
ds2 = X2dT2 - dX2 - dY - dZ , 

which i s  r e l a t e d  t o  t h e  usual  Minkowski m e t  

2 2 
ds2 = d t 2  - dx - dy - dz 
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by t h e  coord ina te  t ransformat ion  

x = XcoshT , y = Y , z = Z ,  t = XsinhT . (3)  

Tangher l in i ' s  chief  p o s t u l a t e  is t h a t  i n  a s t a t i c  f i e l d  

t h e  "acce lera t ion"  of a p a r t i c l e  moving g e o d e t i c a l l y  i n  t h e  d i r e c t i o n  

of t h e  f i e l d  should depend on p o s i t i o n  only.  

a c c e l e r a t i o n  i n  a somewhat unusual way as t h e  second d e r i v a t i v e  of 

t h e  space v a r i a b l e  wi th  respect t o  p rope r  time. 

t i m e ,  i n s t e a d ,  t h e  p o s t u l a t e  is  f a l s e  i n  t h e  case of Schwarzschild 

space.)  

t h e  fol lowing is  t r u e  a l s o  i n  t h e  " l inea r "  case ,  i. e . ,  f o r  s t a t i c  

However, he de f ines  

(With coord ina te  

A s  shown by Tangher l in i  i n  t h e  s p h e r i c a l l y  symmetric case, 

metrics wi thout  c r o s s  terms whose c o e f f i c i e n t s  depend on one s p a t i a l  

coord ina te  only (say x ) :  1 f o r  geode t i c  motion i n  t h e  x1 d i r e c t i o n  

2 1  2 d x /ds  i s  velocity-independent i f  and only i f  g g i s  cons t an t ,  
00 11 

which can b e  normalized by a s i m p l e  change of t i m e  s c a l e  t o  

(See Appendix below.) 

c a s t s  t h e  metric (1) i n t o  the r equ i r ed  form i s  

The unique coord ina te  t ransformat ion  which 

2 x = 2 [ ,  ( 5 )  

whereupon i t  becomes 

( 6 )  
2 2 2 2 ds = 2[dT2 - (1/2[)dS - dY - dZ . 

Since a pa r t i c l e  moving f r e e l y  (i. e . ,  g e o d e t i c a l l y )  along t h e  x 
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a x i s  of Minkowski space s a t i s f i e s  t h e  equat ions 

dx /d t  = v = cons tan t ,  ds2 = (1 - v 2 2  ) d t  , 

and s i n c e  Eqs. (3)  and (5) imply 

2 2  2 2 5 = x  = x  - t  , 

it  fo l lows  t h a t ,  f o r  a p a r t i c l e  moving g e o d e t i c a l l y  i n  t h e  5 

d i r e c t i o n ,  

2 2 2  2 d S/dt  = v - 1, d25/ds = -1 , 

Tangher l in i ' s  a c c e l e r a t i o n  f o r  a f r e e  p a r t i c l e  i n  t h e  p a r a l l e l  

f i e l d  (6) i s  t h e r e f o r e  cons tan t ,  as a n t i c i p a t e d .  B u t ,  by another  

p o s t u l a t e ,  h e  equates  h i s  wi th  Newton's a c c e l e r a t i o n  i n  t h e  f i e l d .  

It is now t h a t  an  incons is tency  appears:  t h e  a c t u a l  f o r c e  (o r  

- 

proper  a c c e l e r a t i o n )  f e l t  by an  observer  a t  rest i n  t h e  p a r a l l e l  

f i e l d  i s  w e l l  known t o  b e  1 / X ,  i. e . ,  1 / (25)% , and n o t  cons tan t .  - 
I n  f a c t ,  i t  becomes i n f i n i t e  a t  5 = 0. 

It could perhaps be argued t h a t  t h e  "Newtonian force" 

should be ca l cu la t ed  by applying Gauss's theorem t o  a bundle  of 

l i nes  of f o r c e  i n  the  f a m i l i a r  way, which would indeed y i e l d  a 
* 

cons tan t  f o r c e  i n  t h e  p a r a l l e l  f i e l d  and thus  save Tangher l in i ' s  

p o s t u l a t e s  s t i l l  i n  t h i s  case. But I would regard  t h i s  as r a t h e r  

fa r - fe tched .  
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Appendix 

I 

We h e r e  d e r i v e  the  cond i t ion  ( 4 ) .  Consider a 

m e t r i c  

d s  2 = -A(dx 1 2  ) - B(dx2)* - C ( ~ X ~ ) ~  + D(dx 4 2  ) , 

with  A;B, C ,  D func t ions  of x 1 only.  The x 4 geodes ic  equat ion  

is  

where a prime denotes  d/ds. 

Dingle ' s  l i s t ,  reproduced i n  R. C.  Tolman, R e l a t i v i t y ,  

Thermodynamics, and Cosmolopy, Oxford Univers i ty  P r e s s ,  Oxford, 

Consulting a l i s t  of r ' s  (e. g . ,  

England, 1934, page 2 5 4 ) ,  w e  f i n d  t h a t  t h e  only nonzero r 4 is  
i j  

I';4 = (dD/dx 1 )/2D. Writing t f o r  x 4 , E q .  (9) thus  becomes 

t" + (l /D)D't '  = 0 , 

o r ,  on i n t e g r a t i n g ,  

D (10) t '  = k/D , 

where k is  ev iden t ly  velocity-dependent,  being t h e  only d i sposab le  

cons tan t .  

metric wi th  x = x = 0,  w e  g e t  

I f  w e  w r i t e  x f o r  x I and s u b s t i t u t e  E q .  (10) i n t o  t h e  

2 3  

whence 
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We see t h a t  XI' w i l l  be veloci ty- independent  i f  and only i f  AD i s  

cons tan t ,  which is  equivalent  t o  E q .  (4) .  That E q s .  (10) and (11) 

(supplemented by x = x = 0) indeed spec i fy  a geodes ic  becomes 

2 3 ev iden t  on checking t h e  x and x geodes ic  equa t ions :  s i n c e  

p t l  = T I 4  E p 
geodes ic  equat ions s u f f i c e  t o  determine a geodesic .  

2 3  

= 0 ( p  = 2 ,  3 ) ,  they are s a t i s f i e d  ; and t h r e e  1 4  

r 
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